17-4PH precipitation hardening stainless steels were prepared via selective laser melting technology. The effects of molding process on the microstructure and wear resistance of the samples were analyzed. Results show that when the molding power P=190W, molding speed v=300mm/s, the sample represents a smooth surface, with good continuity of the melt channel and high bonding quality between channels; when P=180W, v=350mm/s, the sample has the minimum wear rate which is 20.159mg/km; when P=190W, v=300mm/s.
Introduction
Selective Laser Melting (SLM) technology is a new molding technology which uses computer to design the 3D model of the required parts, uses the slice software to convert the 3D model data of the part into a combination of 2D contour data, and then imports the generated data into the molding equipment to perform the layer-by-layer processing, finally manufacturing the solid part [1] . Selective laser melting molding has the advantages of saving materials and directly forming complex shape components compared to conventional processing methods, and is widely used in the processing of single or small batch parts.
During the SLM process, the metal material is rapidly solidified after completely melting, thereby achieving a complete metallurgical process, so that the surface quality and mechanical properties of the molded part are significantly improved. The mechanical properties of SLM molded parts are higher than the casting level, which is close to or even slightly higher than the forging level [2] . Since the spot diameter of the laser in the SLM forming apparatus is small, the dimensional accuracy of the molded part is high, and it is suitable for forming a metal part having a complicated shape and a complicated internal structure.
17-4PH (0Cr17Ni4Cu4Nb) Precipitation hardening stainless steel has the characteristics of low carbon and high chromium, and contains alloying elements such as copper, nickel and niobium. Among them, alloy elements such as copper and niobium can precipitate age hardening phase during heat treatment such as ε-Cu NbC, M23C6, etc., which make the material have high strength, hardness and toughness. 17-4PH stainless is widely used in aerospace, nuclear energy industry, marine industry and medical equipment components, such as turbine compressor blades, steam turbine components and equipment spindles [3] .
At present, research on SLM forming 17-4PH steel mainly includes molding process, microstructure, microhardness and tensile strength, while the research on mechanical properties such as wear resistance and impact toughness of SLM forming 17-4PH steel is still lacking. Therefore, SLM technology forming 17-4PH sample was selected and the influence of molding process on its micro-morphology and wear resistance and was studied in this paper, which provides a theoretical basis for the application of SLM forming 17-4PH steel.
Materials, Equipment and Methods

Metials and Equipment
Precipitation hardening type stainless steel 17-4PH spherical powder was used in this test, which was produced by atomization of high-purity nitrogen gas, and its particle size ranged from 15 to 45 μm. The main components of the 17-4PH steel powder are shown in Table 1 . The microscopic morphology of the 17-4PH steel powder observed by scanning electron microscopy is shown in Fig. 1 . The DiMetal-100 metal forming equipment was selected in this test, which consists of optical path system, control system, mechanical system, air circulation system, etc. Before the start of molding, the air circulation system completes the process of vacuuming and argon gas in the chamber, and controls the oxygen content in the molding chamber to within 0.1% through the oxygen content monitoring device. After the molding starts, the laser emits a laser beam, and the laser scanning process is completed by the angle change of the scanning galvanometer. DiMetal-100 uses a 200W fiber laser with a processing speed of 2-20cm3/h, a processing layer thickness of 10-100μm, and a maximum molding size of 100mm×100mm×100mm.
Experimental Methods
The S-type orthogonal scanning method was adopted in this test. The powder layer thickness was 30μm, the scanning pitch was 60μm, the laser power P=180W, 190W, the scanning speed v=300mm/s, 350mm/s. The block sample, pin sample and impact sample were formed due to the subsequent texts. The formed sample was cut from the substrate by wire cutting, and ultrasonic cleaning was performed using acetone. The morphology of the sample was then observed using an Ultra 55 field emission scanning electron microscope.
The wear resistance test was carried out by using a pin-type test machine, and the wear amount of the sample pin was measured by the weighing method to evaluate the wear resistance. The sample pin was fixed during the test, and the surface of the sample pin was rotated by the grinding disk. Rubbing. When measuring the wear amount of the sample pin before and after the test, the average value is measured by using an electronic balance with an accuracy of one thousandth of a gram, and then the weight loss is calculated, and the wear amount of the sample pin is expressed by the weight loss per kilometer. The number of revolutions of the test machine was set to 500 r/min, the load was 100 N, and the wear time was 10 min. Since the sample pin was made to have a circular motion of 60 mm in diameter on the grinding disc, the linear speed of the disc was 0.785 m/s.
Results and Discussions
Microsructure
The SLM forming process is a dynamic melting process involving complex physical and chemical changes that occur during the melting process, such as heat transfer, phase change, vaporization, and mass transfer. After the metal powder absorbs the energy of the high-energy laser beam, the temperature rises rapidly to melt and solidify rapidly. Due to the extremely short melting and solidification time of the metal powder during the SLM process, unreasonable combination of process parameters can lead to defects such as voids, spheroidization, cracks, oxidation, etc., which affect the performance of the molded part [4] .
The microstructure of the sample was observed by scanning electron microscopy. The microstructure of the sample was best when P=190W and v=300mm/s. The microscopic morphology of the sample under scanning electron microscope is shown in Fig. 2 . It can be seen from Fig. 2 that the X-Y plane of the sample is smooth. The continuity of the melt channel is good, the width of the melt channel is basically the same. and the quality of the lap joint between the channels is high. Only a small amount of spherical particles of uniform size exist, and there are no pores or cracks and other defects such as warpage. There is spheroidization on the Y-Z plane of the sample, but the size of the spherical particles is relatively uniform, and there is no phenomenon in which a large number of spherical particles are bonded.
The micro-morphology of the sample is ideal, mainly because the inprovement of wettability and spreading ability of the metal powder after fully melted by the absorbing the laser energy, so that the formed melt and the solid interface are fully wetted [5] . The consistency and continuity of the melt formed by the melt after cooling and solidification are good and the bonding quality between the melt channels is high, so the defects of the molded sample are less. 
Wear Resistance
The SLM forming wear test specimens were subjected to wear test by a pin-type test machine. The relationship between wear rate and working conditions was determined mainly by dry sliding friction and wear. At present, there is a theory that wear is more versatile and mature, and the amount of wear is mainly related to surface pressure, speed and time. The amount of wear [6] expression is:
(1) where W is the wear amount per unit area of the contact surface, Kw is the working condition coefficient, p is the surface positive pressure, v is the relative sliding speed, and t is the wear time. The working condition coefficient is mainly related to the surface roughness of the material, the physical and chemical properties of the material and the actual lubrication.
The wear resistance test was carried out by using a pin-type test machine, and the wear amount of the sample pin was measured by the weighing method to evaluate the wear resistance. The sample pin was fixed during the test, and the surface of the sample pin was rotated by the grinding disk. Rubbing. When measuring the wear amount of the sample pin before and after the test, the average value is measured by using an electronic balance with an accuracy of one thousandth of a gram, and then the weight loss is calculated, and the wear amount of the sample pin is expressed by the weight loss per kilometer. The number of revolutions of the test machine was set to 500 r/min, the load was 100 N, and the wear time was 10 min. Since the sample pin was made to have a circular motion of 60 mm in diameter on the grinding disc, the linear speed of the disc was 0.785 m/s. The finished pin sample is shown in Figure 3 . The grinding disc is made of GCr15 bearing steel material, and the hardness of the material after heat treatment is 55HRC. The finished grinding disc is shown in Figure 4 . The results of the abrasion resistance test are shown in Table 2 . According to the test results, when the laser power is 180W and the scanning speed is 350 mm/s, the wear mass loss of the sample is the lowest, which is 20.159 mg/km; when the laser power is 190 W and the scanning speed is 350mm/s, the wear mass loss of the sample is the highest, which is 21.615 mg/km. Conclusions 17-4PH precipitation hardening stainless steels were prepared via selective laser melting technology.
The following conclusions can be obtained through research:
(1) When P=190 W and v=300 mm/s, the metal powder is fully melted after absorbing laser energy, and the melt fluidity, wettability and spreading ability are high, so the microstructure of the sample is ideal.
(2) When P=180 W and v=350 mm/s, the wear mass loss is least at 20.159 mg/km; when P=190 W, v=350 mm/s, the wear of the sample is most at 21.615 mg/km.
